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The main result of the Tsurutanicta 1. (1 @95a) | hereafier “1'1 995] papciisnat corotating streams
emanating from coronal holes during the de~cending phase of the solar cycle (1973-1975) do not
cause major (D, < -100 nT) magnetic storms, but 0]y moderate, weak, or even no (significant)
storm activity, where storms arc defined by D decreases (Gonzaler etal. , 1994).

Although, there are typically large 20-2017]" s netic field niagnitudes eyeated by the fast stream-
slow stream (heliospheric current sheet pli st sheet) interactions, the B, directionality is typically
highly fluctuating within the high ficld co-otating interaction region (( 1 R), and thus the empirical
criteria for intense storms (during solamnaximum) of B>+ 10 n'l'and1:»3 hours (Gonzalez, and
Tsurutani, 1987) is not satisfied. A mcchanisin explaiming these highly fluctuating fields has been
presented in Tsurutani €t al. (199.5i)). ‘Ihescf netuations may be (teverse) shock-compressed or
simply stream compressed (without s shock) Alfvénwaves fromthe high- speed streams  (Figure
1). A second result from the T1995 papcnsthar the B, fluctvations associiited with Alfvén waves
in the corotating streams can cause continuous mnoral activity called Hii ,1)(’ A As, The presence of
two high-speed streams during 1974 lcdiosrextiemely high yearly averaee of AE (283 nT), even
higher than the following solar maxinmin, ¢ius1979 and1981(22 10T and 237 NT, respectively).

The issue that Cliver raises is tertiary inthie 1’1 995 pape r, but is a very important one and very
worthy of discussion. We commiend ("1 vere: delving into this indepth. The three intense
magnetic storms during ] 974 wc I callassocated withsipallsticams Jed by fast forward  shocks
(and not corotating streams).  These impulsive streamns occu rred very close to the corotating
(coronal hole) streams and the heliosphericcurcn: sheet (1C:S). In ' 1] 995 we speculate that these
interplanetary e.vents may be associated willl cxpunsions of the coronal holes.

Onc mechanism for the opening (and clos ) ¢1coronal hole magnetic field lines is through the
interconnection of fields between differcnilliag etic active regions and interconnection  between
fields from magnetic active regions and operi coronal hole fields (Harvey et al, 1986; Sheeley et
al., 1989; Wang and Sheeley, 1990; Wangct a., 1996 and references therein) Respectively.
Recently, Gonzalez et al. (1996) and B1ave ¢1al(1996) have postulated that corona) hole streams
and embedded fields interact with active e pionaelds/HCS fields 10 create cor onal mass ejections
(CMEs) during solar maximum. One shouldnote, however, thatif the 1 nagnetic active regions
contain an equal amount of positively’and‘ ‘negatively” ditected luxes, the mechanisms
discussed above do not lead to anctopeiing ,,1 closing of maguetic field lines, but only to a
reconfiguration of the magnetic t opology  What is needed to expand corona] holes is the
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emergence of net flux of the same polaiiry ac that in the coronal hale, and contraction must be
accomplished by the emergence of nctfiusof o opposite polarity. Whether this occurs in or near
magnetic active regions or not is presentlvuntnown.  Also, the overall ¢lobal picture should be
taken into account as well. Asmotefluropenswonehemisphere, equatflux should open in the
other solar hemisphere. How thisoveral balance is maintained and what the corresponding
photospheric processes/signatures ar ¢, ar¢ 11 crestingquestions  and should be addressed by
specidists in the field.

For coronal hole streams in interplanctary space the interaction with the slow speed streams  does
not form forward shocks by 1 AU becans: the stream-sticantinteraction is a glancing one (Smith
and Wolfe, 197/6; Pizzo, 1985, 11995 howcver, T 1 995 did indicate that during 1974 some
[-20%)] 1everse shocks were detectedat] AUy The velocity of the high-speed streams is -750-
S00 km S'(Phillips et al., 1995), wheicasthevelocity of slow speedstreamsis~300-350 km s,
In the case of coronal hole expansions,planaa-sociated with the newly opened flux will interact
with the upstream (slow)plasmainia ore inectway.  Sincethesticamspeed differential
(assuming there are only two basic solarw ndsiimuchgreater than the magnetosonic wave speed
(V.. = 70km s"), a forward shock is ciearcd bylAU  Thisis indicated in Figure 1, Note that
the presence of the forward shock isindepenc ntof the particular jnechanism for opening the
coronal hole magnetic flux.

However, the nature of the solar ¢jecta sonward of theshockisnotknown, and therefore T1995
did not speculate on it. The ejectacou Id th i samne as those during solar maxima (note the
magnetic cloud in the C. event), orthey covidbedifferentat tirnes. A systematic study should be
performed to address this important topic.

Aspointed out in 11995, solar ejecta/inapnc tic cloud s (Burlagaet ar., 1981) were not detected for
the A and Bevents (the two largestmagenctcstoms),butwasforthe ¢ evene. The meaning of
these observationsis not clear at this time [t isp.wsible that for the Hirstiwo cases, the solar gjects
were relatively small in scale and didnotcrosathe spacecrafttisjectory. *1 hus, they may have been
present, but were unfortunate] y missed.

Regarding the possible flare association (o the thee stormevents, wehave the following specific

comments .
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Event A:

In T1995 (page 21730, line 3), the sccond synallflare should have been listed as occurring at 0801-
0840-0928 UT clay 184 and not 185, Witl:thiscnorcorsected, an acceptable speed for the July 6
(day 186) shock would be, obtained

We agree that by applying the Cliver et al. (11:00) empirical 1elationship for the deceleration of
plasma from the Sun to 1 AU, moic flarcsinaybe considered as possible sources for the shocks.
However, it is aso true that none of these tlares hiave the charactenistic long duration signature that
arc statistically associated with soliwrcjectia, Th X-ray long duration events also have the unique
Ha signature of post-flare loops.

A second, long-standing probleniisthicreveisesorrelation. In Figure 1 from (liver (1996), there
arc three large X-ray flares on July 5and 6o ‘uced by the same actnve 1egion at W26°, 35° and
40°, respectively. An important unansw creddoaestionis, why don'tall of these flares produce
detectable interplanetary events? ‘Jheiciscleary a present lack of understanding of why so few
solar events have corresponding interpleaev/gcomagnetic analogs.

Event B:
The Ho flare of September 13 wasncurlyshoursiong.  The soft X-ray plot does show a

characteristic long duration signature. Usingeg1 Clivereta  solarwind deceleration assumption,
this flare fits the event quite well.

We find that the Clivercommenthascliniticdsoine of the apparentlack of obvious solar sources

for the 1'1995 interplanetary A, B, cvents, ol we thank him for i1, Llowever, even with this
improvement, there is still the Ceventwhichirermains unidentified.

In closing, we would also encourage sl sientists w examine coronal hole data to try to
determine the mechanism(s) for coronalliole ¢ pansionsandcontractions. This is an important
scientific topic yet to be addressed in anv depth Jtis probable that the process is relevant to
geomagnetic activity at the Earth.
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Institute of Technology under contractwit 1N A SA.
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Figure Caption

Figure 1. A solat ejecta event associated vt t 1. wly opened coronalinagnctic fields (coronal hole
expansion) headed towards the Latth. 7 he ¢onfiguration of the solar gject fields is not well
understood at this time. A CIRbounded by .- forward shock ( FS)and reverse shock (RS) is
denoted by shading. The fast streani gJov stee nninterface (1F) is indicated. The B, fluctuations
within the trailing portion of @ CIR are beliey ed o be compressed Al fvén waves.
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